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Purpose:  The demands of an all esthetic fixed orthodontic appliance system are 
ever increasing in today‟s world.  Frictional values of an esthetic, fixed orthodontic 
appliance system are needed to evaluate their clinical effectiveness for orthodontic 
treatment. The aim of this study is to evaluate the frictional values of various esthetic 
orthodontic archwires ligated to an esthetic orthodontic bracket.   
Methods: Three types of stainless steel and nickel titanium alloy (niti) esthetic 
orthodontic archwires (epoxy, poly, plastic) in four sizes (.016, .018, .017 x .025, .019 x 
.025 inches) were  ligated to both a stainless steel bracket system and a ceramic (esthetic) 
bracket system and pulled by a Universal testing machine for 90 seconds.  Two types of 
control wires were also tested (stainless steel, niti).  Each of these wires was tested 10 
times.  The mean frictional values were recorded for each wire in pounds.  An ANOVA 
analysis was done to compare frictional differences between the different esthetic fixed 
bracket systems and a T-test was done to compare the frictional differences between 
wires tested in stainless steel brackets and those tested in ceramic brackets.  Thickness of 
each of the esthetic archwires was measured with digital calipers and the means recorded.   
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Results: Of the 14 groups tested using the ANOVA, only 1 was not significant.  
Of the 13 statistically significant groups, all but 4 of those groups showed that the non-
coated archwires systems had increased frictional values.  Of the 28 t-tests done to 
compare frictional differences between archwires tested with stainless steel brackets and 
those tested with ceramic brackets, 22 were statistically significant.  In the 22 significant 
groups, all but three showed a statistically significant increase in friction in wires tested 
using ceramic brackets.  Of the three types of esthetic archwires measured, the Poly 
coated archwire had a mean thickness of .001 inches greater than that of the Epoxy and 
Plastic coated archwires     
Conclusions:  The non-coated (non-esthetic) archwires had significantly more 
friction than the coated (esthetic) archwires except for the .016 Niti Plastic Coated 
Archwire and .018 SS Epoxy Coated Archwire. All rectangular coated archwires had less 
friction than the non-coated controls.  The coated (esthetic) archwires pulled through a 
ceramic (esthetic) bracket system all had significantly greater friction than those pulled 
through a stainless steel bracket system except for the .018 Niti Epoxy archwire.  The 
Poly coated archwires had the most friction of the esthetically coated archwires while 
pulled through a passive arch bracket system.  The .001 inch increase in diameter 
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Orthodontics is the specialty of dentistry focused on the treatment and correction 
of malocclusion.  Malocclusion (irregular bite) may be the result of tooth irregularity, 
poor jaw relationships, or a combination of the two.  Crowded, irregular and misplaced 
teeth have been a problem for some individuals since antiquity, and attempts to correct 
this disorder go back to at least 1000 B.C.   They have even discovered primitive 
orthodontic appliances while sifting through Greek and Etruscan materials (Profitt, 2007 
p. 3).  The first texts describing orthodontics didn‟t come until after 1850.  It wasn‟t until 
the end of the 19
th
 century that crucial advancements were made in orthodontic 
appliances.   
Edward Angle, the “father of modern orthodontics” was a powerful influence in 
the development of modern orthodontic appliances.  Edward Angle developed four major 
appliance systems.  These appliance systems were called the E-arch, pin and tube arch, 
ribbon arch, and the edgewise appliance.  The E-arch consisted of bands on the molar 
teeth and a heavy labial archwire extended around the arch (Fig 1.1).  The end of the wire 
was threaded, and a small nut placed on the threaded portion of the arch allowed the 
archwire to be advanced so that arch perimeter increased.  Each tooth was simply tied to 
the advancing archwire.  Only tipping of teeth was accomplished with the E-arch.  The 
pin and tube appliance was developed to help precisely position teeth.  The pin and tube 
appliance required a high amount of craftsmanship and was not very practical for clinical 
use.  It is said that only Angle himself and one of his students ever mastered this 
appliance (Profitt, 2007, p. 408). The ribbon arch was a modification of the pin and tube 
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appliance (Fig 1.2). Each tooth had a vertically positioned rectangular slot behind the 
tube.  A ribbon arch was placed into the rectangular slot and held in with a pin.  The 
spring qualities of this appliance were good but it did not allow the proper forces 
necessary for adequate root positioning.  The edgewise appliance was probably the most 
important orthodontic appliance design that Angle developed (Fig 1.3).  In this appliance, 
Angle oriented the slot from vertical to horizontal and inserted a rectangular wire 90 
degrees to the orientation it had with the ribbon arch.  This appliance finally allowed for 
excellent torque control and proper root positioning.  The edgewise appliance was 
developed in 1928 and was the mainstay of multi-banded fixed appliance therapy (Profitt, 







With the development of the edgewise appliance, the use of precious metals 
proved ineffective in the performance of some stabilizing procedures.  The precious 
metals were too flexible and lacked the necessary stiffness to move teeth into their proper 
position.  At around the same time as the development of the edgewise appliance, 
stainless steel archwire was fabricated.  This wire alloy, with chromium and nickel in its 
metallurgy, was touted as superior to its precious-metal predecessors because of its 
higher strengths, greater elastic modulus, ductility, and corrosion resistance in the oral 
environment (Nikolai, 1997).  By the 1950‟s, stainless steel alloys were used for most 
orthodontic wires.  The 1950‟s also brought about the development of Elgiloy wire.  This 
cobalt-chromium alloy had similar characteristics to stainless steel but had the added 
benefit of being hardened by heat treatment.  In the 1960‟s, a nickel titanium alloy proved 
to be an effective alloy as an orthodontic archwire.  In the 1980‟s, beta-titanium alloy 
(TMA) was also developed.  Current developments are being made in the manufacturing 
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of esthetic archwires.  Development of a clinically effective composite archwire is being 
researched and tested.  Esthetically coated metallic archwires are currently the only 
esthetic orthodontic archwires available for clinical use.  
 Advancements and improvements of orthodontic brackets are also being made.  
Up until the 1980‟s, banding was the most common way to secure a bracket to a tooth.  
With a band on every tooth, an orthodontic patient had a mouth full of metal.  With the 
development of bonding the bracket to the enamel of the tooth, bands were not needed as 
often and less metal was visible.  The last two decades have brought about the 
development of a more esthetic bracket.  Ceramic and plastic brackets have been 
developed to make orthodontic appliances look less conspicuous.  Stainless steel brackets 
continue to have the best mechanical properties of all the different types of brackets but 
more and more people are seeking out the “camouflaged” look of a tooth colored bracket.   
Purpose of the Study 
The field of orthodontics is moving towards an all esthetic fixed appliance system 
with little, if any, showing of metallic components.  The most recent developments of 
esthetic appliances in orthodontics are the archwires.  Coated metallic archwires are 
currently the only practical esthetic orthodontic archwire available for clinical use.  Very 
little research has been done on the properties of these coated orthodontic archwires.  
Most of the research testing done on the modern, coated archwires are being done in 
conjunction with the more conventional stainless steel (non-esthetic) brackets and 
elastomeric ligature ties.  If patients are looking for an “all esthetic” appliance system, 
more testing should be done using esthetic brackets (ceramic brackets) in conjunction 
with the newly designed esthetic archwires.   
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The frictional properties of a fixed orthodontic appliance system are extremely 
important for orthodontists.  Movement of one object contacting another cause‟s friction 
at the interfaces and produces a resistance to the direction of movement.  Tying an 
orthodontic archwire into a bracket slot produces a force between the bracket, archwire, 
and tie.  Much of the force produced is conveyed as friction.  Too much friction between 
an archwire, bracket, and tie can delay or even prevent necessary orthodontic tooth 
movement.  Knowing the frictional properties of orthodontic appliances is crucial to the 
success of orthodontic treatment.  Research has been done to test the friction of various 
orthodontic archwires tied into various bracket designs.  Most of this research has been 
done on stainless steel, nickel titanium and TMA materials while few projects include the 
newly designed “esthetic” orthodontic archwires.  More frictional testing needs to be 
done on these modern “esthetic” orthodontic archwires used in conjunction with other 
esthetically looking brackets.   
The purpose of this research is to test the frictional values of a modern “ALL” 
esthetic fixed orthodontic appliance system.  An “All” esthetic orthodontic appliance 
system would include tooth colored brackets and coated (esthetic) wires.  Frictional 
forces of various modern esthetic archwires, ligated to esthetic brackets with elastomeric 
(plastic) rings, will be measured and compared to each other.  Nickel titanium and 
Stainless steel wires will also be tested as controls and a comparison to the frictional 
values of the esthetic archwire systems will be made.   
Definition of Terms 




Esthetic Brackets:  An orthodontic bracket designed to be tooth colored in appearance.   
Esthetic Archwires:  An orthodontic archwire designed to be tooth colored in appearance 
Elastomeric ties (O-rings):  Circular plastic rings designed to attach an orthodontic 
archwire into an orthodontic bracket 
Resilience:  The power or ability of a material to return to its original form, position, 
etc.., after being bent or stretched. 
Stiffness:  The rigidity of an object.  The extent to which a material (archwire) resists 
deformation in response to an applied force 
Friction:  The force resisting the relative motion of a solid surface, fluid layers, and 
material elements sliding against each other. 
Banding:  The cementing of a band around a tooth. 
Research Questions 
 The overall research goal of the study is as follows: 
The frictional comparison of multiple types of newly designed esthetic orthodontic 
archwires, in both Niti and Stainless Steel coated forms, while being pulled through 
esthetic (ceramic) brackets using a universal testing machine; the frictional similarities or 
differences between esthetic archwires pulled through stainless steel and Ceramic 
(esthetic) brackets using a universal testing machine. 
The research goal can be addressed by evaluating the following specific questions:  
1. What are the frictional differences of the 4 types of niti wires (niti non-coated, 
niti-epoxy-coated, niti-poly-coated, niti-plastic-coated) after they are ligated with 
elastomeric O-rings to a stainless steel bracket system and pulled using a 
universal testing machine? 
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Hypothesis:  The friction of the non-coated niti archwire (control) will be higher than the 
niti-epoxy-coated, niti-poly-coated, and niti-plastic-coated.  
2. What are the frictional differences of the 4 types of niti wires (niti non-coated, 
niti-epoxy-coated, niti-poly-coated, niti-plastic-coated) after they are ligated with 
elastomeric O-rings to a ceramic (esthetic) bracket system and pulled using a 
universal testing machine? 
Hypothesis:  The friction of the non-coated niti archwire (controls) will be higher than the 
niti-epoxy-coated, niti-poly-coated, and niti-plastic-coated archwires. 
3. What are the frictional differences of the 4 types of stainless steel wires (stainless 
steel non-coated, stainless steel epoxy-coated, stainless steel poly-coated, stainless 
steel plastic-coated) after they are ligated with elastomeric O-rings to a stainless 
steel bracket system and pulled using a universal testing machine? 
Hypothesis:  The friction of the non-coated stainless steel archwires (controls) will be 
higher than the stainless steel epoxy-coated, stainless steel poly-coated and stainless steel 
plastic-coated archwires. 
4. What are the frictional differences of the 4 types of stainless steel wires (stainless 
steel non-coated, stainless steel epoxy-coated, stainless steel poly-coated, stainless 
steel plastic-coated) after they are ligated with elastomeric O-rings to a ceramic 
(esthetic) bracket system and pulled using a universal testing machine? 
Hypothesis:  The friction of the non-coated stainless steel archwires (controls) will be 




5. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of non-coated niti wires after they are ligated with elastomeric O- rings to 
a stainless steel and ceramic bracket system and pulled using a universal testing 
machine?  
Hypothesis:  The non-coated niti archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
6. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, 19x.025 
inches) of non-coated stainless steel wires after they are ligated with elastomeric 
O-rings to a stainless steel and ceramic bracket system and pulled using a 
universal testing machine? 
Hypothesis:  The non-coated stainless steel archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
7. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-epoxy-coated archwires after they are ligated with elastomeric O-
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-epoxy coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
8. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel epoxy-coated archwires after they are ligated with 
elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
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Hypothesis:  The stainless steel-epoxy coated archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
9. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-poly-coated archwires after they are ligated with elastomeric O-
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-poly-coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
10. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel poly-coated archwires after they are ligated with 
elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
Hypothesis:  The stainless steel poly-coated archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
11. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-plastic-coated archwires after they are ligated with elastomeric O-
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-plastic-coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
12. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel plastic-coated archwires after they are ligated with 
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elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
Hypothesis:  The stainless steel plastic-coated archwires pulled through ceramic brackets 























REVIEW OF THE LITERATURE 
Literature review of this topic encompassed both US and European published 
literature via online databases.  Search terms included the following:  esthetic archwire, 
coated archwire, esthetic bracket, ceramic bracket, friction and esthetic archwires, friction 
and coated archwires, friction and esthetic brackets, friction and ceramic brackets. 
Searchable databases included: Pubmed, Science Direct, Scopus, Academic Search 
Premier, Medline, Web of Knowledge, and Cochrane Library.  A UNLV library search 
was also completed on the search terms to locate books regarding this topic.  The search 
terms were also placed into several internet search engines including Google, Yahoo and 
MSN for further investigation.  The search resulted in nineteen articles and three text 
books related to esthetic orthodontic bracket and esthetic orthodontic archwire and 
friction.   
History and Mechanical Properties of Orthodontic Archwires 
Understanding the mechanical properties of a fixed orthodontic appliance system 
is extremely important.  Although this study is intended to measure the frictional values 
of various esthetic orthodontic archwires, it‟s still important to understand the mechanical 
properties of all orthodontic archwires and brackets in order to assess their clinical 
effectiveness and strengths and weaknesses.  The esthetic archwires used in this study are 
esthetically coated stainless steel and niti wires.  An understanding of the properties of 
these two types of wires is especially essential to the study.   
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Some of the most important properties to describe in these metallic and non-
metallic appliances are their stiffness, springback, formability, working range, and 
frictional characteristics. 
 Stainless steel wires are very popular in clinical orthodontics because of their 
adequate mechanical properties and lower cost.  The stainless steel alloys used for 
orthodontic wires are of the “18-8” austenitic type; containing approximately 18% 
chromium and 8% nickel (Eliades, 2001. p. 79).  The modulus of elasticity of stainless 
steel archwires tends to be the highest of the orthodontic archwires.  This means that 
stainless steel wires are stiffer and stronger than other archwire alloys of the same size 
and shape.  Most of the time stainless steel archwire is not the wire of choice when 
orthodontic treatment first begins.  A more flexible archwire is usually needed.  The 
springback qualities of stainless steel are also low due to their high modulus of elasticity.  
One of the best qualities of stainless steel archwires are its ability to be formed.  This 
allows the orthodontist to make bends in the wire when needed.   The working range of 
stainless steel is generally smaller than that of other archwire alloys.  This is also due to 
its higher stiffness and strength characteristics.  The frictional qualities of stainless steel 
are generally the best of all the orthodontic archwires currently available.  Numerous 
studies testing the frictional characteristics of stainless steel archwires have proven it to 
produce the least amount of friction.  The hardness and smoothness of the surface of 
stainless steel archwires makes it‟s coefficient of friction less than that of other archwire 
alloys.  Other qualities of stainless steel are its abilities to be soldered and its high 
resistance to corrosion.      
13 
 
 Elgiloy archwires, also referred to as cobalt-chromium archwires, have similar 
characteristics as stainless steel archwires.  They are made of 40% cobalt, 20% 
chromium, 15% nickel, 15.8% iron, 7% molybdenum and small amounts of manganese, 
carbon, and beryllium.  Elgiloy has the advantage that it can be supplied in a softer and 
therefore more formable state, and then can be hardened by heat treatment after being 
shaped.  The heat treatment increases strength significantly (Profitt, 2007, p. 361).   
 In the late 1960‟s the Office of the Navy was actively studying new types of 
alloys that exhibited a shape memory effect (Kusy, 1997).  One of these studied alloys 
happened to be made of 50% nickel and 50% Titanium.  They decided to call the alloy 
Nitinol which stands for „nickel titanium naval ordnance laboratory‟.  One decade later, 
Dr. George Andreasen recognized the potential of its use as an orthodontic archwire 
(Kusy, 1997).   Nitinol has a very low modulus of elasticity which makes it very flexible.  
It only has about one-fifth of the force delivery as that of stainless steel archwires but still 
delivers a force great enough for orthodontic tooth movement (O‟Brien, 2008. p. 282).  It 
also has a large working range.  This means that it can be bent a large amount before 
permanent deformation occurs.  This allows the wire to be placed between two extremely 
uneven brackets without being permanently deformed.  Without permanent deformation, 
more springback energy is available in the wire to produce force on a tooth and 
subsequent movement.  In 1980, Nickel Titanium was developed in a “superelastic” 
form.  This form of Nitinol has a very large reversible strain and a non-elastic stress-
strain or force-deflection curve.  This means that over a considerable range of wire 
deflection, the force produced by the wire hardly varies.  This unique force-deflection 
curve for superelastic niti happens because of a metallic phase transitions that occur in 
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the alloy while being deformed.  In the early 1990‟s, a Niti orthodontic wire alloy with 
true shape memory at the temperature of the oral environment was introduced (Eliades, 
2001, p. 85).  This meant that the wire could be easily placed in the brackets and then 
allowed to heat up by the persons own breath. The heat from the mouth would cause a 
change in the grain structure to the wire and subsequently revert back to its original pre-
formed shape.   
 Although Nitinol sounds like the perfect orthodontic archwire, there are some 
flaws associated with it.  The formability of Nitinol is very poor.  This makes placing 
bends in Nitinol wire extremely difficult.  It also has poor frictional characteristics.  
Research done on the frictional characteristics of Nitinol conclude that there is an 
increase in frictional resistance while using Nitinol archwires compared to stainless steel 
archwire.     
 In the 1980‟s, TMA (Titanium Molybdenum Alloy) was introduced into the field 
of orthodontics as yet another valuable archwire material.  TMA, also known as Beta-
Titanium, contains 78% titanium, 11% molybdenum, 7% zirconium, and 4% tin.  The 
approximate stiffness of TMA is around half of that of stainless steel.  It is about twice as 
stiff as nickel titanium. The spring-back qualities of TMA also fall in-between the ranges 
of stainless steel and nickel titanium.  In other words, TMA‟s stiffness, strength, spring-
back, working range, and flexibility values fall in-between that of stainless steel and 
nickel titanium.  Its properties can make it a good wire to use in situations where stainless 
steel may be too stiff and nickel titanium not stiff enough.  TMA has excellent 
formability characteristics due to its bcc metallic structure (Eliades, 2001, p.83).  This 
allows permanent bends to be placed in the archwire when needed.  Another advantage of 
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TMA is that it‟s the only orthodontic wire alloy possessing true weldability (Eliades, 
2001, p.84).  With all the qualities described above about TMA, one would think that this 
would be the perfect archwire for orthodontists?  Although TMA has great orthodontic 
archwire properties, there are a few setbacks. Of all the orthodontic archwires, it is the 
most expensive.  Expensive enough to make a lot of orthodontist keep it out of their 
supplies.  TMA also has very poor frictional characteristics.  Scanning electron 
microscopy examination of beta-titanium wires has revealed relatively rough surfaces 
that are attributed to adherence or cold welding by the titanium to the dies or rollers 
during wire processing.  This surface roughness contributes to the high values of 
archwire-bracket sliding friction measured in the laboratory, along with localized sites of 
cold welding or adherence by the wire to the bracket slots (Eliades, 2001, p.84).   
 An “esthetic” archwire is any wire made to look more tooth colored and 
ultimately “esthetically pleasing”.  Composite archwires along with surface coating of 
metallic archwires are the only current esthetic archwires being studied.  Composite 
archwires can be composed of ceramic fibers that are embedded in a linear or cross-
linked poly-metric matrix.  The composite archwires can be as strong as the strongest 
piano wire and can vary in stiffness from that of the most flaccid multi-stranded archwire, 
to nearly that of a beta-titanium archwire (Kusy, 1997).   Hints of experimentation with 
composite wires have shown that they can be very flexible and highly resilient (Nikolai, 
1997).  Although not common in the marketplace at this time, composite archwires will 
most likely capture a significant share of the marketplace in the near future.  Esthetically 
coated archwires are currently the more popular type of esthetic orthodontic archwires 
available for clinical use.  Coatings to archwires of all alloys can be done to produce an 
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esthetic archwire.  Most coatings on the archwire are done using ion implantation.  The 
ion implantations can be made of epoxy, Teflon, rhodium, or palladium.  Surface coated 
metallic archwires are new to the marketplace and very few studies have been done to 
test their mechanical properties.  Problems with coating cracking have been noted in the 
literature.  More research needs to be done on the properties of aesthetic archwires before 
these wires are routinely used in orthodontic practices.   
Surface Characteristics of Esthetic Archwires 
 The surface characteristics of an orthodontic archwire are important for practicing 
orthodontists to know.  Having a good knowledge of these characteristics can help the 
orthodontist make correct decisions during the course of a patient‟s treatment.  Because 
there is an increased demand for esthetic fixed orthodontic appliances, more and more 
orthodontic supply companies are developing esthetic archwires.  These newly developed 
archwires need to be researched and tested to keep the orthodontist informed about their 
benefits and limitations.  The surface characteristics of the archwire can play a huge role 
in the friction produced during orthodontic tooth movement.  The goal of this section is to 
describe the surface characteristics of the esthetic orthodontic archwire in order to get a 
better understanding of the possible frictional effects they can have.    
Most esthetic orthodontic archwires are composed of a Niti or stainless steel 
archwire with an “esthetic” coating applied by ion implantation.  Ion implantation is the 
process in which a substrate is refined by ionized atoms, adhering to the high-energy, 
positively charged radicals of the coating material through negative loading.  The radicals 
penetrate the substrate surface and bind with the substrate.  It is thus not a coating but a 
permanent modification of the surface composition that is produced (Husmann et al., 
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2002).  The ion implantation can increase hardness, reduce flexibility, and improve 
surface finish (Doshi, 2011).  Some reports indicate that the ion implantation fills in the 
depressions and rough valleys found at the microscopic level of the archwire (Husmann 
et al., 2002).  This ultimately smooth‟s the surface and can lead to a decrease in friction.  
Other studies determined the esthetic coating not durable and that the coating tends to 
split over time (Elayyan et al., 2008).  The splitting of the coating can increase the 
frictional resistance.  It seems that surface roughness would play a big role in determining 
the frictional effects of an archwire.  Surprisingly these characteristics don‟t always 
coincide with objective values obtained during research experiments.  An example of this 
would be the microscopic examination of the surface of niti and TMA archwire.  TMA 
appeared to have the smoother surface of the two, yet it generated the highest frictional 
values.  There can‟t be an assumption made that the smoother the archwire appears, the 
less friction it will have.      
History and Mechanical Properties of Orthodontic Brackets 
 The two major types of brackets used in modern orthodontics are the stainless 
steel bracket and the ceramic (esthetic) bracket.  Stainless steel brackets have been used 
for decades with high clinical success.  Like the stainless steel archwire, stainless steel 
brackets are strong and have the lowest frictional resistance of all the orthodontic bracket 
types.  Ceramic brackets can be made of either a single-crystal alumina or a poly-crystal 
alumina.  Strength of ceramic brackets can differ based on their single-crystal or poly-
crystal structure and the size of their grain structure.  The optical properties and strength 
are inversely related for the poly-crystalline ceramics:  the larger the individual grains in 
the microstructure, the greater is the ceramic translucency.  However, when the grain size 
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approaches 30 microns, the material becomes substantially weaker (O‟Brien, 2008, p. 
151).  The single-crystal alumina brackets contain fewer impurities than are found in the 
poly-crystalline alumina brackets.  This gives the single-crystal brackets more clarity but 
increases the chances of crack propagation and fracture of the bracket.  Ceramic brackets 
are larger than their stainless steel competitor and are more brittle.  This makes the 
debonding (removal) of the ceramic bracket more difficult.  The only true benefit of a 
ceramic bracket over a stainless steel bracket is the esthetically pleasing look it gives to a 
self-conscious orthodontic patient.    
Frictional Factors of Orthodontic Appliances 
 Friction is defined as the resistance to motion when one object moves tangentially 
to another (Reicheneder et al., 2007).  The first law of friction states that the frictional 
force is equal to the applied load (N) multiplied by the coefficient of friction (Mu) of the 
objects (F= N x Mu).  Coefficient of friction depends on the relative roughness of the 
material itself.  Interestingly, friction is independent of the apparent area of contact.  This 
is because all surfaces, no matter how smooth, have irregularities that are large on a 
molecular scale, and real contact occurs only at a limited number of small spots at the 
peaks of the surface irregulaties (Fig 2.1).  These spots, called asperities, carry the entire 




When a tangential force is applied to cause one material to slide past the other, the 
junctions begin to shear.  The coefficient of friction then is proportional to the shear 
strength of the junctions and is inversely proportional to the yield strength of the 
materials (because this determines the extent of plastic deformation at the asperities).  At 
low sliding speeds, a “stick-slip” phenomenon may occur as enough force builds up to 
shear the junctions and a jump occurs, then the surfaces stick again until enough force 
again builds to break them.   
Two other factors can affect the resistance to sliding:  the interlocking of surface 
irregularities, which obviously becomes more important when the asperities are large or 
pointed; and the extent to which asperities on a harder material plow into the surface of a 
softer one.  Thus the total frictional resistance will be the sum of three components: (1) 
the force necessary to shear all junctions, (2) the resistance caused by interlocking of 
roughness, and (3) the plowing component of the total friction force.  In practice, if the 
two materials are relatively smooth and not greatly dissimilar in hardness, friction is 




Frictional Characteristics of Archwires 
The increased use of sliding mechanics that followed the development of the pre-
adjusted edgewise systems has focused interest on the effect of friction between bracket 
and archwire and its contribution to the resistance to tooth movement (Reicheneder, 
2007).  Scientific publications on archwire-bracket friction generally concur that metallic 
slot in contact with stainless steel archwires experience the least friction, while ceramic 
slots in contact with nickel-titanium and beta-titanium archwires experience the greatest 
friction (Eliades, 2001).  Stainless steel archwires in contact with stainless steel bracket 
have essentially equal hardness values.  This equality in hardness decreases the friction 
that can occur when two materials of different hardness‟s slide past each other.   
Although Niti has shown to have greater surface roughness, TMA has greater frictional 
resistance.  This is due to the amount of titanium in the wires. It‟s been proven that as the 
amount of titanium increases in a material, the coefficient of friction also increases.  
Beta-ti has 80% titanium whereas niti has 50%.  This increased amount of titanium in 
beta-ti also causes reactivity for the wire to “cold-weld” itself to a steel bracket under 
some circumstances, making sliding almost impossible.   
Frictional Characteristics of Brackets 
 Ceramic brackets became quite popular in the 1980‟s because of their improved 
esthetic look, but problems related to frictional resistance to sliding have limited their 
use.  The ceramic brackets made from polycrystalline ceramic have considerably rougher 
surfaces than steel brackets.  The rough but hard ceramic material is likely to penetrate 
the surface of even a steel wire during sliding, creating considerable resistance.  Although 
single crystal brackets are quite smooth, these brackets also can damage wires during 
21 
 
sliding, and so they also have increased frictional resistance to sliding.  Many 
manufactures are producing ceramic brackets with metal slots to help decrease the 
frictional resistance to sliding.  They are also working on making clinically acceptable 
composite plastic brackets that are tooth colored.  These brackets should have better 























Collection of Data 
 The six groups of esthetic orthodontic archwires tested (Epoxy- Europa 1: G&H 
wire, Franklin IN;  (1)Tooth tone coated Nickel Titanium Wire, (2)Tooth tone coated 
Stainless Steel Wire.   Poly- Bioforce High esthetic Archwire:  Dentsply GAC, Bohemia 
NY; (3) Tooth tone coated Nickel Titanium Wire, (4) Tooth Tone coated Stainless Steel 
Wire.  Ortho Technology:  Tampa FL;  (5)  Tooth tone coated Nickel Titanium Wire, (6)  
Tooth tone coated Stainless Steel Wire).  Four different size archwires (.016 inches, .018 
inches, .017 x .025 inches, .019 x .025 inches) were used for groups 1,3 and 5.  Three 
different size archwires (.018 inches, .017 x .025 inches, .019 x .025 inches) were used 
for groups 2,4 and 6.  There were no .016 inch diameter archwires in groups 2,4 and 6 
and therefore could not be tested.  
 The two groups of non-esthetic archwires tested:  (1)Nickel Titanium:  G&H 
wire, Franklin IN. (2) Stainless Steel:  G&H wire, Franklin IN.  The non-coated nickel 
titanium and stainless steel wires will be used as the controls in this study.  Four different 
size archwires (.016 inches, .018 inches, .017 x .025 inches, .019 x .025 inches) were 
used for the two non-esthetic archwires.   
 The two types of bracket tested (Radiance:  American Orthodontics, Sheboygan 
WI;  (1)  Polycrystaline Ceramic.  Mini Masters Series MBT:  American Orthodontics, 
Sheboygan WI; (2)  Stainless Steel).  The Stainless Steel bracket will be used as the 
control in this study.  The bracket slot dimensions of both brackets tested were 0.022 x 
0.028 inches.   
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 Elastomeric ties used to secure the archwires to the bracket systems (polyurethan:  
0.045 inch inner diameter, 0.115 inch outer diameter:  American Orthodontics, 
Sheboygam WI). 
 Each size of the six esthetic archwires and two non-esthetic archires will be tested 
ten times in each of the two types of bracket systems.  This makes 560  total number of 
tests performed in the study (Fig 3.1 to 3.8).  The frictional analysis of the 560 tests were 
done using the universal testing machine (United Calibration Corp. Huntington Beach, 
CA) (Fig 3.9).  Two experimental models, manufactured out of Stainless Steel, were 
designed to represent the arc of a preformed archwire manufactured by G&H wire, 
Franklin IN (Fig 3.10).  One experimental model had stainless steel brackets glued, with 
epoxy, to the outer surface and the other had ceramic brackets fixed in the same manner.  
The brackets were glued in a position representative of the upper right quadrant of the 
maxillary arch (Upper right 1
st
 molar, Upper right 2
nd
 premolar, Upper right 1
st
 premolar, 
Upper right canine, Upper right lateral incisor, Upper right central incisors). The brackets 
slots were aligned using .021 x .025 stainless steel archwire  tied to the bracket.  Each 
bracket was fixed 6mm apart from each other and the upper right central incisor was 
placed 6mm away from the midline of the steel arc model.  Each archwire size was also 




   
Figure 3.1  Flow Chart of Non-Coated Niti Wires  



















































Figure 3.3  Flow Chart of Poly-Coated Niti Wires





















































Figure 3.5  Flow Chart of Non-Coated SS Wires 
 
 












































Figure 3.7  Flow Chart of Poly-Coated SS Wires 
 
 













































Figure 3.9  Picture of Universal Testing Machine with Set-up 
 
 
Figure 3.10  Picture of Archwire Engaged in Ceramic Bracket Arc-Form Set Up 
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 To secure the archwire to the brackets, elastomeric ties were wrapped around the 
bracket wings with the archwire seated in the bottom of the bracket slot.  The end of the 
archwire was positioned at the midline of the model arc fixture.  The model arc fixture 
was then secured to the stabilizing block by placing two steel cylindrical lock joints.  The 
wire exiting from the upper right 1
st
 molar bracket was then locked into a clamp that was 
connected to the load cell.   
To measure frictional forces of the wires sliding in the brackets, the universal 
testing maching pulled upward on the archwire at 12mm per minute until the archwire 
reached the mesial end of the lateral bracket. 25-pound  capacity force transducer 
mounted in the universal testing machine continuously recorded frictional values in lbs. 
and the average frictional force of each wire was recorded after each test.  The 
measurement error of the load cell is 0.1% of its‟ full scale load or 0.025 pounds.  This 
was repeated 10 times for each archwire size.   
Treatment of Data 
An Anova (first 14 groups) and t test (last 28 tests) were used to analize the data. 
The first 8 groups analysed were between niti wires of similar size from the four different 
archwire types (1 control niti and 3 esthetic niti archwires). Groups 9-14 were frictional 
differences between stainless steel wires of similar size from the four different archwire 
types.  There were no .016 inch stainless steel esthetic archwires and therefore could not 
be included in the study (Table 3.1, See Appendix 2).  Groups 15-42 were tested with T 
tests (Table 3.2, See Appendix 3).  These tests measured the frictional differences 





RESULTS OF THE STUDY 
Analysis of Data 
The results of the study are listed in the excel worksheet found in Table 4.1-4.2 in 
Appendix 4 and 5. The average frictional force in pounds is shown for each test in the 
table. The force readings ranged from approximately 0.5 to 7.8 pounds during all the 
experiments. The measurement error for the load cell used is ±.025 pounds. This 
corresponds to approximately a 5% experimental error in the smallest readings and a 
0.3% error in the larger readings.  The first 14 groups in the study were analyzed using 
analysis of variance.  Groups 15- 42 were analyzed using a T-test.  Graphs of the average 
frictional values of each group are shown in Figures 4.1 to 4.12.  Each wire size was 
measured 10 times with digital calipers and an average measurement was compared to 
the manufacturers numbers.  All measurements of wires were within .001 inches of 
manufacutres labels.  Average of the Poly-coated archwires was .001 inches larger in 
vertical hight than manufactures indications.  Average of the Epoxy and Plastic coated 
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 Fig 4.2 Average Frictional Values of Niti Wires Tested in C Brackets (Groups 5-8). 
 




























































































































































































































 Fig 4.4  Average Frictional Values of Non-Coated SS Wires Tested in C Brackets  
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Fig 4.5 (above) Fig 4.6 (below)  Average Frictional Values of Niti Wires (groups 15-18)  
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Fig 4.7 (above) Fig 4.8 (below)  Average Frictional Values of Epoxy Niti Wires (groups 
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Fig 4.9 (above) Fig 4.10 (below)  Average Frictional Values of Poly Niti Wires(groups 
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Fig 4.11 (above) Fig 4.12 (below)  Average Frictional Values of Plastic Niti Wires 
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Statistical Analysis of Data 
The ANOVA Post Hoc Bonferroni test evaluated 14 comparisons. The results of the 
ANOVA test found significant findings (p value ≤ 0.05) in all group comparisons except 
the first group.  The first group was a comparison of the 4 types of wires (non-coated, 
epoxy, poly, plastic), size .016, pulled through stainless steel brackets.  Of the 13 
significant ANOVA groups tested, the non-coated archwire had significantly higher 
frictional values than the epoxy, poly, and plastic coated archwires in all but groups 
4,5,10, and 12.  Frictional differences between the coated (esthetic) archwires were as 
follows: 
Group 2:  Significant difference between the epoxy and plastic archwires. 
Group 3: Significant differences between the epoxy and poly, epoxy and plastic 
archwires. 
Group 4: Significant differences between the epoxy and poly, plastic and poly archwires. 
Group 5:  No significant difference between the esthetic archwires. 
Group 6:  Significant difference between poly and plastic archwires. 
Group 7: Significant difference between epoxy and poly, plastic and poly archwires. 
Group 8: Significant difference between epoxy and poly, plastic and poly archwires. 
Group 9:  Significant difference between epoxy and plastic archwires. 
Group 10:  Significant difference between epoxy and plastic archwires. 
Group 11:  Significant difference between epoxy and plastic archwires. 
Group 12:  Significant difference between epoxy and poly, epoxy and plastic archwires.  
Group 13:  No significant differences between the esthetic archwires 
Group 14: Significant differences between epoxy and poly, poly and plastic archwires  
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 Groups 15-42 were tested using a T-test.  This test was done to compare frictional 
differences between the wires tested while being pulled through stainless steel brackets 
and those pulled through ceramic (esthetic) brackets.  Of these groups, all were 
significant except group 15, 22,23,36,37 and 41.  Of these non-significant groups, only 
group 41 was a rectangular archwire (size .017x .025).  The other groups, 15,22,23,36, 
and 37, were either .016 or .018 round archwires.  Of the significant groups, all wires 
pulled through the ceramic (esthetic) brackets had higher frictional values than those 



















DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
Discussion of Results 
From the results of the ANOVA done on the first 14 groups we can see that in 9 
of the 13 groups with significant results, the non-coated control wire had more friction 
than that of the coated archwires.  Group 5 (016 niti non-coated archwire) pulled through 
Ceramic brackets was the only non-coated group that had lower frictional values than the 
3 esthetic archwires.  The group 5 results showed frictional averages of between .53 (non-
coated niti in ceramic brackets) and .61 (epoxy-ortho niti in ceramic brackets) pounds.  
Although significant, the frictional differences of this group do not vary very much.   
These results are similar to previous studies done on frictional values of coated archwires.  
In the majority of studies done, the coated archwires had less friction than those of the 
non-coated version. This is most likely a result of the epoxy or poly coating placed on the 
archwire filling in any valleys between the asperities making the surface of the archwire 
smoother.  It should be noted that these esthetic archwires were brand new and none of 
the coating had fractured off.  The comparison of esthetic archwires with the surface 
coating fractured, indicating wear, and non-coated archwires could result in higher 
frictional values for the esthetic archwires.  Frictional testing of esthetic archwires after 
clinical use on a live patient would be a good follow up to this study.   
 Comparison between the 3 esthetic archwires showed significance in all groups 
but group 13.  In 6 of the 13 significant groups, poly coated archwires showed the 
significantly higher frictional values of the esthetic archwires.  4 groups showed that 
plastic-coated archwires had the highest frictional value of the three esthetic archwires 
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and only 3 groups showed that the epoxy-coated archwires had a higher value.  The .001 
inch higher average width dimensions of the Poly-Coated archwires may have played a 
role in its higher frictional values.   
 The 28 t-tests were done to compare frictional values between an all esthetic 
(coated archwires pulled through ceramic) fixed appliance system and a non-esthetic 
system.  As stated earlier, of these 28 groups, 22 were clinically significant.  This 
indicates that coated archwires pulled through ceramic brackets does significantly 
increase the frictional values in 22 of the 28 groups.  Of the 6 non-significant groups, 5 
were groups of round archwires.  This would indicate that esthetic archwires and non-
coated archwire frictional values do not differ significantly in round wires.  You could 
assume that coated and non-coated round archwires pulled through ceramic brackets will 
give you similar frictional values.  Rectangular esthetic archwires, however, will 
significantly increase your frictional values when pulled through ceramic brackets.  
Although esthetic archwires pulled through ceramic brackets results in higher frictional 
values than those pulled through stainless steel brackets, these frictional values are still 
lower than those of the non-coated archwires.   
Limitations of the Study 
 There are several limitations in this study that are worth mentioning.  The testing 
of the frictional values of the esthetic archwires was done In-vitro rather than in-vivo.  In-
vivo testing on human subjects could have an effect on the outcome of the frictional 
values.  Factors, such as human saliva, the pressure on teeth during mastication, and wear 
and tear to the brackets and wires while patients eat, could change the frictional values.  
From the literature, there are conflicting findings in regards to saliva and friction.  Kusy 
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et. al, for example, regarded artificial saliva as inadequate replacement for human saliva 
and hence such experiments as invalid.  Andreasen and Quevedo claimed that saliva 
played an insignificant role, while ReadWard et al. concluded that the presence of human 
saliva had inconsistent effects on static friction and sliding mechanics.  Baker et al. found 
that saliva acted as a lubricant, while Stannard et al. and Downing et al. reported that 
saliva increased friction (Reicheneder et al., 2007).  Mastication, tooth to tooth contact, 
can cause teeth to depress and compress the periodontal ligament.  This slight movement 
of the teeth can have an effect on archwire movement and change frictional values in a 
positive or negative way.  Wear and tear of the brackets and archwires could also affect 
frictional values.  Wearing away of the esthetic coating could increase the amount of 
asperities and notches in the wire and increase frictional resistance to sliding. 
 This study was done using stainless steel brackets and ceramic brackets.  The 
same brackets were used for all tests.  The wear and tear on the brackets could have had 
an effect on the outcomes.  It was unrealistic to expect to test each archwire with a brand 
new set of brackets.   
 It must be noted that only three types of esthetic wires (epoxy, poly, plastic) were 
used in this study.  There are various esthetic archwires made by many other 
manufacturing companies that were not included in the study.  Precaution should be taken 
to assume that these three esthetic archwires represent all types of esthetic archwires in 
today‟s market.  There are also composite archwire currently being developed.  These 





Recommendations for Future Research 
 Recommendations for future research would be to do more in-vivo testing.  There 
are many in-vivo factors, as mentioned previously, that could have a significant effect on 
the results.  Although it would be difficult to measure frictional values of an archwire 
while ligated to a human subject, it would be possible to test these esthetic archwires, in a 
similar manner as this study, after first using them to treat human subjects.  Another 
recommendation would be to test more types of esthetic archwires and ceramic brackets.  
As mentioned previously, only three types of esthetic archwires and one type of ceramic 
bracket was used in this study.     
Hypothesis Evaluation 
The research questions, hypothesis and evaluation of the 12 hypotheses are listed below.  
Statistical significance for determination of rejection or acceptance of the hypothesis will 
be taken from the 13 accepted ANOVA statistical comparisons and the 22 statistically 
significant T-tests.   
1. What are the frictional differences of the 4 types of niti wires (niti non-coated, 
niti-epoxy-coated, niti-poly-coated, niti-plastic-coated) after they are ligated with 
elastomeric O-rings to a stainless steel bracket system and pulled using a 
universal testing machine? 
Hypothesis:  The friction of the non-coated niti archwire (control) will be higher than the 
niti-epoxy-coated, niti-poly-coated, and niti-plastic-coated wires. 
Of the 4 groups (1-4) tested to prove or disprove the first hypothesis, only the 1
st
 
group showed no significant frictional differences and was not in agreement with the 
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hypothesis.  Groups 2, 3, and 4 were clinically significant and were accepted by the 
hypothesis.   
2. What are the frictional differences of the 4 types of niti wires (niti non-coated, 
niti-epoxy-coated, niti-poly-coated, niti-plastic-coated) after they are ligated with 
elastomeric O-rings to a Ceramic (esthetic) bracket system and pulled using a 
universal testing machine? 
Hypothesis:  The friction of the non-coated niti archwire (controls) will be higher than the 
niti-epoxy-coated, niti-poly-coated, and niti-plastic-coated wires. 
 Of the 4 groups (5-8) in hypothesis #2, the hypothesis was accepted in each of 
them but group 5.  In group 5, the non-coated niti archwire had less friction than all of the 
esthetic archwires.  Therefore the hypothesis was not accepted in group 5. 
3.  What are the frictional differences of the 4 types of stainless steel wires (stainless 
steel non-coated, stainless steel epoxy-coated, stainless steel poly-coated, stainless 
steel-plastic-coated) after they are ligated with elastomeric O- rings to a stainless 
steel bracket system and pulled using a universal testing machine? 
Hypothesis:  The friction of the non-coated stainless steel archwires (controls) will be 
higher than the stainless steel epoxy-coated, stainless steel poly coated, and stainless steel 
plastic-coated archwires. 
 Of the 3 groups (9-11) in hypothesis #3, the hypothesis was accepted in groups 9 
and 11 but not accepted in group 10.  In group 10, the friction of the plastic-coated 
archwire was significantly greater than the non-coated stainless steel archwire. 
4. What are the frictional differences of the 4 types of stainless steel wires (stainless 
steel non-coated, stainless steel epoxy-coated, stainless steel poly-coated, stainless 
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steel plastic-coated) after they are ligated with elastomeric O-rings to a ceramic 
(esthetic) bracket system and pulled using the universal testing machine? 
Hypothesis:  The friction of the non-coated stainless steel archwires (controls) will be 
higher than the stainless steel epoxy-coated, stainless steel poly-coated, and stainless steel 
plastic-coated archwires. 
 Of the 3 groups (12-14) in hypothesis #4, the hypothesis was accepted in groups 
13 and 14 but not accepted in group 12.  In group 12, all the coated archwires tested had 
higher frictional values than the non-coated archwire.   
5. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of non-coated niti wires after they are ligated with elastomeric O-rings to 
a stainless steel and ceramic bracket system and pulled using a universal testing 
machine?  
Hypothesis:  The non-coated niti archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
 Of the 4 groups (15-18) in hypothesis #5, the hypothesis was not accepted in 
group 15 and 16.  In these two groups, the friction was greater while being pulled 
through stainless steel brackets. 
6. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, 19x.025 
inches) of non-coated stainless steel wires after they are ligated with elastomeric 
O-rings to a stainless steel and ceramic bracket system and pulled using the 
universal testing machine? 
Hypothesis:  The non-coated stainless steel archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
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 Of the 3 groups (19-21) in hypothesis #6, the hypothesis was accepted in all three.  
The friction was greater in all three groups while being pulled through a ceramic bracket 
system. 
7. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-epoxy-coated archwires after they are ligated with elastomeric O- 
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-epoxy coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
 Of the 4 groups (22-25) in hypothesis #7, the hypothesis was accepted in groups 
22, 24, and 25.  Although the hypothesis was accepted in group 22, the frictional 
differences between stainless steel brackets and ceramic brackets were not significant.  
Although the hypothesis was not accepted in group 23, the frictional differences were not 
significant. 
8. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel epoxy-coated archwires after they are ligated with 
elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
Hypothesis:  The stainless steel epoxy-coated archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 




9. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-poly-coated archwires after they are ligated with elastomeric O- 
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-poly coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
 Of the 4 groups (29-32) in hypothesis #9, the hypothesis was accepted in all 4 
groups.  
10. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel poly-coated archwires after they are ligated with 
elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
Hypothesis:  The stainless steel poly-coated archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
 Of the 3 groups (33-35) in hypothesis #10, the hypothesis was accepted in all 3 
groups. 
11. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of niti-plastic-coated archwires after they are ligated with elastomeric O- 
rings to a stainless steel and ceramic bracket system and pulled using a universal 
testing machine?  
Hypothesis:  The niti-plastic-coated archwires pulled through ceramic brackets will have 
higher frictional values than those pulled through stainless steel brackets. 
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 Of the 4 groups (36-39) of hypothesis #11, the hypothesis was accepted in groups 
38 and 39.  The hypothesis was not accepted in groups 36 and 37. 
12. What are the frictional differences of the 4 sizes (.016, .018, .017x.025, .019x.025 
inches) of stainless steel plastic-coated archwires after they are ligated with 
elastomeric O-rings to a stainless steel and ceramic bracket system and pulled 
using a universal testing machine?  
Hypothesis:  The stainless steel plastic-coated archwires pulled through ceramic brackets 
will have higher frictional values than those pulled through stainless steel brackets. 
 Of the 3 groups (40-42) of hypothesis #12, the hypothesis was accepted in groups 
40 and 42.  The hypothesis was not accepted in group 41.   
Conclusions 
Analysis of the results of this study yields the following conclusions:  These 
conclusions are based on tests done on a passive, self-designed arch jig. 
 The non-coated (non-esthetic) archwires had significantly more friction than the 
coated (esthetic) archwires accept for the 016 niti Plastic Coated Archwire and 
018 ss Epoxy coated archwire 
 All rectangular coated archwires showed lower frictional values than the non-
coated rectangular archwires   
 The coated (esthetic) archwires pulled through a Ceramic (esthetic) bracket 
system all had significantly greater friction than those pulled through a stainless 
steel bracket system accept for the 018 niti epoxy archwire. 
 The Poly-Coated archwires had the highest friction of the esthetic archwires while 
tested on a passive self-designed arch jig.  These wires had a .001 inch average 
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width measurement than manufacturers labels.  This could have played a role in 
its increased frictional values. 
 In 6 of the 14 ANOVA‟s, Poly-Coated archwires had the highest friction of the 
esthetic archwires.  In 4 of the 14 ANOVA‟s, Plastic-Coated archwires had the 
highest friction of the esthetic archwires.  In 4 of the 14 ANOVA‟s, Epoxy-
Coated archwires had the highest friction of the esthetic archwire 
 Rectangular coated (esthetic) archwires could decrease frictional values in passive 
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